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INTRODUCTION: 

Accumulating  evidence  supports  a  role  for  the  insulin-like  growth  factor  (IGF)  system  and 
extracellular  matrix  proteins  in  the  malignant  phenotype  of  breast  cancer.  Both  IGFs  and 
extracellular  matrix  proteins  interact  with  epithelial  cells  by  ligating  cell  surface  receptors.  Our 
laboratory  has  previously  shown  that  insulin-like  growth  factor  binding  protein-1  (IGFBP-1)  can 
be  used  as  a  method  to  interrupt  ligand-receptor  interactions  of  the  IGF  system  and  inhibit  the 
growth  of  breast  cancer  cells.  IGFBP-1  contains  an  integrin  recognition  sequence  and  has  also 
been  shown  to  interact  with  extracellular  matrix  protein  receptors,  integrins,  on  the  cell  surface. 
The  present  proposal  will  test  the  hypothesis  that  IGFBP-1  inhibits  the  breast  cancer  phenotype 
by  dual  mechanisms,  neutralization  of  IGF  action  and  integrin  function.  The  long-term  goal  is  to 
provide  evidence  that  IGFBP-1  is  a  novel  therapy  for  the  treatment  of  breast  cancer. 

BODY: 

To  determine  whether  IGFBP-1  inhibits  IGF-stimulated  responses  through  an  RGD-dependent 
mechanism,  a  mutant  IGFBP-1  will  be  expressed  that  does  not  contain  an  intact  integrin  binding 
sequence.  The  Arg  in  the  integrin  recognition  site  of  IGFBP-1  was  mutated  to  a  Trp  (R  to  W 
substitution  at  amino  acid  221,  [Trp22l]IGFBP-l),  and  has  been  shown  to  prevent  binding  of  the 
protein  to  the  a5pi  fibronectin  integrin  receptor  [1], 

Specific  Aim  1)  Express  wild-type  IGFBP-1  protein  and  mutant  [Trp22l]IGFBP-l  protein 
in  yeast 

Task  1:  Month  1-6,  Cloning  and  sequencing  of  wild-type  IGFBP-1  cDNA  and  mutant 
[Trp22l]IGFBP-l  cDNA  into  the  yeast  Pichia pastoris  vector 

The  Pichia  pastoris  system  has  been  made  commercially  available  by  Invitrogen  (Carlsbad,  CA). 
P.  pastoris  is  a  methylotrophic  yeast  that  has  been  shown  to  be  suitable  for  high  level  expression 
of  various  heterologous  proteins  in  secreted  form.  Expression  of  recombinant  proteins  in  P. 
pastoris  is  based  on  the  use  of  the  alcohol  oxidase- 1  (AOX1)  gene.  In  this  expression  system, 
methanol  induces  expression  of  the  tightly  regulated  AOX1  gene  which  in  turn  drives  expression 
and  secretion  of  foreign  proteins. 

While  this  grant  was  in  the  process  of  being  reviewed  and  funded,  our  laboratory  was  able  to 
express  and  purify  biologically  active  recombinant  wild-type  IGFBP-1  protein  using  the  Pichia 
pastoris  system.  The  yield  of  the  wild-type  IGFBP-1  protein  is  approximately  lOmg/L  yeast 
medium.  Therefore,  during  the  last  year,  I  have  focused  my  efforts  on  the  expression  of  mutant 
[Trp221]  IGFBP-1  in  Pichia  pastoris. 

The  coding  region  of  [Trp221]IGFBP-l  was  modified  to  incorporate  an  EcoRl  site  at  the  5’-end 
and  a  Kpnl  site  at  the  3’end  using  PCR.  Using  these  restriction  sites,  the  [Trp221]IGFBP-l  gene 
was  cloned  into  the  yeast  vector  pPICZaB  by  fusing  it  to  the  a-factor  mating  secretion  signal 
derived  from  S.  cerevisiae  for  expression  in  P.  pastoris.  As  described  above,  the  a-factor  mating 
secretion  signal  is  under  control  of  the  AOX1  gene  promoter  and  allows  high  levels  of  protein 
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secretion  when  induced  by  methanol.  This  vector  also  encodes  the  zeocin  resistance  gene  sn  ble 
for  antibiotic  selection. 


The  P.  pastoris  strain  X-33  was  transformed  by  electroporation  with  lOug  of  linearized 
pPICZaB-[Trp22 1 JIGFBP- 1 ,  on  a  Bio-Rad  gene  pulser  (1.5  KV,  25  pF,  200  Q)  for  5ms. 
Transformants  were  first  selected  by  plating  on  yeast  extract  peptone  dextrose  medium  (YPD) 
plates  containing  100  ug/ml  zeocin  and  then  screened  for  insertion  of  the  construct  at  the  alcohol 
oxidase  site  by  PCR  using  5’  AOX1  and  3’AOX  primers.  PCR  screening  confirmed  the 
presence  of  [Trp221  JIGFBP- 1  DNA  in  selected  P.  pastoris  clones.  To  confirm  that  the  clones 
have  a  methylotrophic  phenotype,  clones  were  patched  onto  both  minimal  dextrose  medium 
plates  and  minimal  methanol  medium  plates  using  the  methylotrophic  P.  pastoris  strain  X-33  as 
a  positive  control  and  the  slow  methanol  utilization  P.  pastoris  strain  KM71H  as  a  negative 
control.  Growth  on  the  plates  was  compared  to  that  of  the  positive  control.  One  hundred  percent 
of  the  transformants  tested  were  able  to  utilize  methanol  as  its  carbon  source,  affirming  their 
Mut+  phenotype  as  expected. 


Task  2:  Month  6-9,  Expression  of  secreted  recombinant  proteins  in  Pichia  pastoris 


PCR-positive  clones  (Mut+)  were  initially  grown  in  25ml  buffered  glycerol  complex  medium 
(BMGY)  at  30°  in  a  shaking  incubator  (275rpm)  to  an  OD600  of  2-6.  Cells  were  then 
centrifuged,  resuspended  in  buffered  methanol  complex  medium  (BMMY)  and  continuously 
incubated  for  5  days.  Every  24  hours  100%  methanol  was  added  to  a  final  concentration  of  0.5% 
to  maintain  induction.  Aliquots  of  the  supernatant  were  taken  daily  and  examined  by  SDS- 
PAGE  for  expression  of  [Trp221  JIGFBP- 1  protein.  The  figure  below  shows  the  expression 
profile  of  a  selected  clone  before  and  after  methanol  induction. 


Time  (hr) 


0  24 


II25IGF-I  Ligand  Blot 


48  72  84  96  108  120  + 


IGBP-1  Immunoblot 


_ 37  kDa 

_ 25  kDa 


Figure  1 :  Time  course  of  protein  secretion  into  the  culture  medium  in  a  Pichia  clone.  Aliquots 
taken  from  the  culture  medium  at  different  time  points  over  5  days  were  analyzed  by  SDS- 
PAGE.  Human  recombinant  IGFBP-1  produced  in  bacteria  was  used  as  a  positive  control  (lane 
+)  [2].  To  determine  the  presence  and  functionality  of  [Trp221]IGFBP-l  mutant  protein  secreted 
into  the  culture  medium,  an  II25IGF-I  ligand  blot  was  performed  as  shown  in  the  top  panel.  The 
ligand  blot  was  then  immunoblotted  with  an  anti-IGFBP-1  antibody  as  shown  in  the  bottom 
panel. 
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The  results  show  two  immunoreactive  bands  that  were  able  to  bind  I12 'IGF-I.  The  molecular 
weight  of  mature  secreted  [Trp22l]IGFBP-l  is  33.4  kDa.  Therefore,  the  upper  band  is  thought  to 
be  the  mature  protein  and  the  lower  band  is  postulated  to  be  protease-cleaved  fragment  of 
[Trp22l]IGFBP-l .  The  results  demonstrate  that  [Trp221]IGFBP-l  can  be  produced  by  the  Pichia 
pastoris  yeast  expression  system.  Furthermore,  the  results  of  the  ligand  blot  suggest  that 
[Trp22l]IGFBP-l  is  properly  folded  since  it  is  able  to  bind  IGF-I.  These  results  suggest  that  an 
intact  integrin  recognition  sequence  is  not  required  for  IGF-I  binding. 

One  problem  I  have  encountered  is  expressing  secreted  [Trp  JIGFBP-1  in  P.  pastoris  at 
reasonable  levels.  Using  the  P.  pastoris  system,  secreted  protein  levels  have  been  shown  to  vary 
considerably  depending  on  the  protein  (in  the  range  of  10  mg  to  5  gm  per  liter)  [3-5].  Eight  P. 
pastoris  clones  were  screened  for  [Trp22l]IGFBP-l  secretion  and  all  clones  secreted 
[Trp22l]IGFBP-l  into  the  media  but  at  less  than  2  mg  per  liter  as  shown  in  Figure  2. 

[Trp221]  IGFBP-1  Secretion 


Figure  2:  Time  course  of  protein  secretion  into  the  culture  media  of  8  different  P.  pastoris 
clones.  Aliquots  were  taken  from  the  culture  medium  every  12  hours  over  4  days  and  analyzed 
by  an  IGFBP-1  ELISA  kit  (Alpha  Diagnostic  International). 

There  are  examples  of  increasing  protein  expression  levels  by  using  clones  that  have  multiple 
copies  of  the  gene  of  interest.  A  quick  way  to  isolate  multiple  copy  integrants  is  to  plate 
transformants  on  increasing  concentrations  of  zeocin.  Therefore,  electroporation  was  repeated 
and  the  transformants  were  immediately  plated  on  yeast  dextrose  plates  containing  500,  1000, 
and  2000  ug/ml  of  zeocin.  Eight  clones  isolated  from  a  1000  ug/ml  zeocin  yeast  dextrose  plate 
were  screened  for  expression  and  all  secreted  low  levels  of  [Trp  JIGFBP-1  (less  than  2mg  per 
liter).  In  summary,  16  clones  of  [Trp221]IGFBP-l  were  screened  and  none  showed  protein 
secretion  levels  greater  than  2  mg  per  liter. 

To  address  the  problem  of  low  protein  expression  of  [Trp221  JIGFBP-1, 1  will  determine  whether 
the  protein  is  being  secreted  at  low  levels  or  is  being  expressed  at  low  levels.  Cell  pellets  will  be 
checked  to  determine  if  overall  expression  is  low  or  if  the  protein  is  not  being  secreted  properly. 
If  the  protein  is  expressed  but  is  failing  to  be  secreted,  a  different  signal  sequence  could  be  tried. 
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Alternatively  if  the  protein  is  expressed  but  secreted  at  low  levels,  I  will  attempt  to  optimize  the 
yeast  culturing  condition.  For  example,  increasing  the  cell  density  of  the  culture  prior  to 
induction  would  be  expected  to  increase  secreted  protein  levels. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  Cloning  of  [Trp22 1  ]IGFBP- 1  into  the  P.  pastoris  yeast  expression  vector 

•  Electroporation  of  P.  pastoris  with  [Trp221]IGFBP-l 

REPORTABLE  OUTCOMES 

1 .  Abstract:  Insulin-like  growth  factor- 1  regulates  estrogen  receptor-alpha  transcriptional 
activity  by  multiple  pathways  in  breast  cancer.  J.M.  Gross  and  D.  Yee.  American 
Association  for  Cancer  Research  Meeting:  Abstract  No.  942,  2002. 

2.  Invited  article:  How  does  the  estrogen  receptor  work?  J.M.  Gross  and  D.  Yee.  Breast  Can 
Res  Treatment  4(2):  62-64,  2002. 

CONCLUSIONS 

Identification  of  molecules  that  breast  cancer  cells  require  to  maintain  the  malignant  phenotype 
can  potentially  lead  to  new,  more  selective  therapies.  Evidence  suggests  that  the  IGF  system  and 
extracellular  matrix  proteins  are  key  regulators  of  the  malignant  breast  cancer  phenotype.  This 
work-in-progress  will  test  the  hypothesis  that  IGFBP-1  interrupts  IGF  action  and  extracellular 
matrix  protein  function.  The  long-term  goal  is  to  provide  evidence  that  IGFBP-1  can  be  used  as 
a  novel  therapy  for  treatment  of  breast  cancer. 
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#942  Insulin-like  growth  factor-1  regulates  estrogen  receptor-a  tran¬ 
scriptional  activity  by  multiple  pathways  in  breast  cancer.  Jennifer  M.  Gross 
and  Douglas  Yee.  University  of  Minnesota,  Minneapolis,  MN. 

Estrogen  and  insulin-like  growth  factor-!  (IGF-!)  both  induce  breast  cancer  cell 
proliferation.  While  estrogen  acts  through  a  nuclear  hormone  receptor  to  stimu¬ 
late  cell  growth,  IGF-I  acts  through  a  transmembrane  tyrosine  kinase  receptor  to 
affect  growth.  IGF-I  activates  transcriptional  activity  of  estrogen  receptor- a 
(ERa)  in  the  absence  of  steroid  hormone,  although  the  mechanism  is  not  fully 
understood.  To  determine  which  signaling  pathways  are  involved  in  IGF-l-in- 
duced  activation  of  the  estrogen  receptor,  we  treated  the  estrogen  receptor¬ 
positive  human  breast  cancer  cell  line  MCF7  stably  transfected  with  an  estrogen- 
response  element  luciferase  reporter  construct  (MVLN)  with  inhibitors  of 
downstream  signaling  pathways.  Treatment  with  IGF-I  (5nM)  or  estrogen  (InM) 
resulted  in  a  2-3  fold  increase  in  luciferase  activity.  Cotreatment  with  IGF-I  and 
estrogen  resulted  in  enhanced  luciferase  activity  than  compared  to  either  treat¬ 
ment  alone.  Previous  studies  have  shown  that  mitogen -activated  extracellular 
regulated  protein  kinase  (ERK)  and  phosphatidylinositot-3-kinase  (PI3K)  mediate 
many  of  the  biological  effects  of  IGF-I.  Inhibition  of  ERK1/2  by  U01 26  (20  yxM)  or 
treatment  with  the  PI3K  inhibitor  LY294002  (25  /xM)  blunted  the  !GF-l-induced 
increase  in  luciferase  activity.  U0126  but  not  LY294002  also  blocked  the  estro¬ 
gen-induced  increase  in  luciferase  activity.  Interestingly,  an  inhibitor  of  c-jun 
N-terminal  kinase  (JNK),  dicumarol  (50  /xM),  and  the  p38  inhibitor  SB203580  (20 
/xM)  also  suppressed  IGF-I  mediated  activation  of  luciferase  activity.  Therefore, 
the  ability  of  IGF-I  to  activate  JNK  and  p38  was  studied.  Treatment  of  MCF7  cells 
with  IGF-I  (5nM)  increased  the  level  of  phosphorylation  of  JNK  but  not  p38,  as 
determined  by  phosphospecific  immunoblot  analysis.  These  studies  suggest  that 
multiple  IGF-l-activated  signaling  pathways  contribute  to  transactivation  of  ERa. 
In  contrast,  estrogen-induced  activation  of  ERa  does  not  appear  to  require  the 
same  set  of  signaling  pathways.  While  ERK  signaling  appears  to  be  central  to 
estradiol  and  IGF-I  action,  additional  IGF-l-activated  signaling  pathways  play  a 
role  in  regulating  ERa  function. 
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